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FIGURE 13
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IMPROVEMENTS IN OR RELATING TO
ENERGETIC MATERIALS

FIELD

[0001] The present invention relates to improvements to
energetic materials and to the improved energetic materials
and to material for use 1 the production of energetic
materials.

BACKGROUND

[0002] Energetic matenals are materials that contain a
high amount of stored chemical energy that can be realised.
Typical classes of energetic materials are propellants such as
rocket propellants, oxidizers, fuels and explosives and they
are materials that can undergo, contribute to or cause rapid
exothermic decomposition, deflagration or detonation.
These materials mclude chemical compounds or mixtures
thereol that when subject to heat, impact, friction, detona-
tion or other forms of initiation undergo a rapid chemical
change with the evolution of large volumes of gasses,
usually heated gasses that exert pressures in the surrounding,
medium.

SUMMARY

[0003] FEnergetic materials can take various forms and the
present invention 1s applicable to many different forms of
energetic materials. For example the imnvention 1s applicable
to propellants that may be hybrid propellants or solid
propellants, pyrotechnic materials and explosives.

[0004] A hybrid Propellant 1s at least two components one
of which 1s stored in the liquid phase (usually the oxidizer,
which can be cryogenic, e.g. liquid oxygen or non-cryo-
genic, €.g. hydrogen peroxide) and the other component 1s 1n
the solid phase (e.g. cross-linked hydroxyl-terminated
polybutadiene (HTPB)).

[0005] Pyrotechnic Material includes explosive or chemi-
cal ingredients, including powdered metals, used 1n the
manufacture of pyrotechnic devices which includes all
devices and assemblies containing or actuated by propellants
or explosives, with the exception of large rocket motors.
Pyrotechnic devices include items such as initiators, 1gnit-
ors, detonators, sale-and-arm devices, booster cartridges,
pressure cartridges, separation bolts and nuts, pin pullers,
linear separation systems, shaped charges, explosive guillo-
tines, pyrovalves, detonation transier assemblies (mild deto-
nating fuse, confined detonating cord, confined detonating,
tuse, shielded mild detonating cord, etc.), thru-bulkhead
initiators, mortars, thrusters, explosive circuit interruptors,
and other similar 1tems.

[0006] An example of a complete device that derives 1ts
thrust from ejection of hot gases generated from propellants
carried in the vehicle 1s a rocket, the rocket motor being the
portion of the complete rocket or booster that 1s loaded with
solid propellant.

[0007] A Solid Propellant 1s a solid composition used for
propelling projectiles and rockets and to generate gases for
powering auxiliary devices. It can be a rubbery or plastic-
like mixture of oxidizer, fuel and other ingredients that has
been processed into a finished propellant grain. The term
solid propellant 1s sometimes used to refer to the processed
but uncured product or the individual ingredients, such as
the fuel or the oxidizer.
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[0008] There are two types of solid propellants that are
commonly 1n use, viz. Double-base and Composite propel-
lants. Double-base propellants are usually made from a
homogeneous propellant grain such as nitrocellulose, 1nto
which liquid nitroglycerine 1s absorbed (usually plus addi-
tives). This material 1s a combined fuel and oxidizer. Com-
posite propellants are a heterogeneous propellant grain with
the oxidizer crystals (such as ammonium perchlorate (AP))
and a powdered fuel ((usually Aluminium) held together 1n
a matrix of synthetic rubber (or plastic) binder (such as
hydroxyl terminated polybutadiene (HTPB)). This mixture
may be hardened by a curing agent.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIGS. 1 and 2 show the Resodyn Resonant Acous-

tic Mixer (RAM) and conventionally mixed samples of
Formulation 1.

[0010] FIGS. 3 and 4 show the samples with tackifier resin
of Formulation 2 using the same mixing techniques.
[0011] FIG. 5 shows Formulation 3 (no tackifier resin).
[0012] FIG. 6 shows Formulation 4 (with tackifier resin).
[0013] FIG. 7 shows a plot of the results of table 2.
[0014] FIG. 8 shows a plot of the results of table 2.

[0015] FIG. 9 shows the results with Formulation 3 (8.2
mm diameter throat).

[0016] FIG. 10 shows the results with the propellant
formulations of this invention (9.5 mm diameter throat).
[0017] FIG. 11 shows the results with the propellant
formulations of this invention.

[0018] FIG. 12 shows that the charges burn i1n a stable
manner and are thus suitable for rocket motors.

[0019] FIG. 13 shows that the charges burn i1n a stable
manner and are thus suitable for rocket motors.

[0020] FIG. 14 shows the actual finng of the 8.2 mm
diameter throat.

DETAILED DESCRIPTION

[0021] Polymer bonded energetic materials comprising an
energetic filler material, usually in the form of a solid
crystalline powder, formed 1nto a consolidated mass having
suitable mechanical properties and nsensitivity by a poly-
meric binder. Such materials are well known and are used in
a variety of military and civilian applications such as high
explosives for use in demolition, welding, detonating, for
example 1n mining applications, cutting charges and muni-
tion fillings, as propellants for guns and rockets, as gas
generators and as pyrotechnics.

[0022] Binders used in polymer bonded energetic mater-
als need to be (amongst other things) compatible with the
other ingredients of the material and suitably processed
together with the other ingredients into the appropnate
shapes required 1n the various applications.

[0023] Polymeric binders may be classified generally into
chemically cured materials and thermoplastic materials.
Chemically cured materials, e.g. thermosetting resins, rely
on the chemical reaction between different components to
provide the desired polymeric structure.

[0024] Thermoplastic binders allow energetic materials
containing them to be processed at elevated temperatures,
usually outside the in-service envelope of the end product,
which cool to give dimensionally stable sheet, bars, cylin-
ders and other shapes. Reject materials may be re-cycled by
re-heating. This may not normally be achieved with mate-
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rials based on chemically cured binders. Where thermoplas-
tic materials are used we prefer that they have a number
average molecular weight (Mn) of 20,000 or greater 1n order
to provided suflicient strength to the energetic material.

[0025] The polymer or polymers used may have functional
terminations or functional pendant groups. For example, the
polymers may be carboxyl terminated, hydroxy terminated,
amino terminated or vinyl terminated. Alternatively, the
polymer may be non-functionally terminated. Note that
“terminated, termination, etc.” here means that it 1s acces-
sible for further cross-linking reactions and can be at the
ends of the polymer chains or at other parts of the polymer
chain ofl pendant chain or branch points.

[0026] As mentioned above, polymeric binders for solid
composite propellants (which can also include explosives
and pyrotechnics) are of two main types, viz. cured (Cross-
linked) polymers and thermoplastic polymers.

[0027] Chemically cross-linked systems need functional
points ol attachment at the ends and/or along the polymer
chain with which to react and form an immobile but flexible
network-like structure in which to embed and bind the
energetic material particles. The cross-linking may occur by
adding a separate cross-linking agent (e.g. a multi-1socya-
nate, e.g. 1sophorone diisocyanate, to an hydroxyl containing,
polymer, ¢.g. hydroxyl-modified polybutadiene). It 1s prei-
erable to add the tackifying resin, which 1s the subject of this
invention prior to cross-linking the polymer system. The
resulting polymer-resin blend may be stored and transported
as a complete system of any desirable concentration used as
a total component and possibly diluted with the neat poly-
mer as the application demands.

[0028] Thermoplastic binders do not need chemical cross-
linking. They form physical “cross-links™ as the temperature
1s lowered from the polymer melt. A physical type of
“cross-linking™ occurs by the association and 1mmobilisa-
tion of the polymer chains by two types of mechanisms. One
type 1s crystallisation, in which segments of the polymer
chains associate and form crystal domains which eflectively
physically “cross-link™ the system into a flexible solid. Care
must be taken not to have too many and/or too big crystalline
domains because this would make the resulting solid hard
and brittle. The other type 1s formed by the association of
amorphous polymer segments with a higher glass transition
temperature (Tg) than other segments of the polymer (which
remain above their Tgs at the operating temperatures). The
polymer 1s heated above the highest Tg and then cooled. The
highest Tg segments associate and form domains which
cllectively physically “cross-link the polymer system onto a
flexible solid. Examples of such polymers are styrenic-block
copolymers such as polystyrene-polyethylene/butene block
polymers. It 1s preferable to add the tackifying resin, which
1s the subject of this invention prior to cooling the polymer
system below the highest Tg. The resulting polymer-resin
blend may be stored and transported as a complete system of
any desirable concentration used as a total component and
possibly heated and diluted with the neat polymer as the
application demands.

[0029] Some of these polymers may also be energetic
materials 1 their own right.

[0030] Polymers comprising acrylonitrile/carboxyl termi-
nated butadienes may include as copolymerized monomer
units optionally substituted alkyl chains, eg. dimethylene
optionally substituted with a carboxyl group. Carboxyl
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terminated acrylonitrile/butadiene copolymers and hydroxy
terminated polybutadiene have been found to be particularly
usetul.

[0031] The present invention i1s concerned with improving
one or more of the processing, storage, transportation,
safety, physical and mechanical properties and the end use
ol energetic materials.

[0032] The energetic materials typically comprise one or
more active components which can be activated by energy
iput, €.g. heat, impact, agitation as 1s required according to
the particular use envisaged for the energetic material. In the
final composition the active components are usually bound
together within a matrix of a polymer binder. Various
polymers have been proposed as binders, polyisobutylene 1s
one well known binder although the currently preferred
binder 1s cross-linked hydroxyl terminated polybutadiene.
[0033] The performance of these energetic materials
including their processing and the energy generated per unit
of the active components can depend upon the distribution
of the active components throughout the matrix of the
polymer binder. We have found that the performance may be
significantly improved if a tackitying resin 1s included 1n the
energetic material formulation.

[0034] The present invention therefore provides an ener-
getic material formulation containing a tackifying resin.
[0035] UK patent Application GB 2365420 relates to
plastic mouldable explosive compositions comprising a
gelled binder and a particulate explosive filler contained 1n
the binder, the binder being a blend of polyethylene wax
polymer together with a polyisobutylene polymer which 1s
described as a tackilying resin. The use of the blend as the
binder 1s said to show reduced migration of the liquid binder
components (and hence brittleness) with exudation com-
pared with the use of liquid parathn gelled to form a grease
as a binder.

[0036] The term tackifying resin has several meanings.
Polyisobutylene 1s a sticky material with a Tg below —80° C.
typically between —100° C. and -90° C. and 1s used in GB
2365420 to ensure adhesion between the materials of the
formulation. Polyisobutylene 1s incompatible with polyeth-
ylene.

[0037] Inthis invention the term tackifying resin 1s used to
describe a matenial that 1s compatible with the polymeric
binder that 1s used in the formulation. The tackitying resin
should be compatible with the polymeric binder and the
integrity of the blend of the polymeric binder and the
tackitying resin in the resin should be maintained over a
temperature range of —60° C. to 150° C. or higher perhaps
up to 200° C. In order for this to be achieved the tackifying
resin used 1n this invention preferably has a Tg in the range
=70° C. to +200° C., preferably -50° C. to +150° C., most
preferably —20° C. to +130° C.

[0038] In a further embodiment the invention provides an
energetic material formulation comprising

1) one or more active components

11) a polymeric binder matrix

111) a tackilying resin

[0039] The formulations typically can also contain cross
linking agents (curing agents) for the polymeric binder
matrix.

[0040] In a further embodiment the invention provides the
use of a tackilying resin to improve the adhesion and
dispersion of one or more active components within the
polymer matrix of an energetic material.
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[0041] The invention further provides a blend of a poly-
mer matrix and a tackitying resin as described herein usetul
as a binder for active ingredients ol energetic materials.

[0042]
are largely amorphous maternials of low molecular weight

(e.g. 400-2000) with relatively ligh (but vaniable) glass
transition temperatures (1'g) above =70° C. and preferably in

the range —70° C. to +200° C. as set out above. Unlike the
polyisobutylene used 1n GB 2365420 they are known to be
used as additives 1n polymers where they are compatible

The tackitying resins used 1n the present invention

with the polymer and decrease the degree of entanglement of
the polymers they are added to and thus affect the formu-
lation rheology (lowering of plateau modulus) and final

properties (adhesive tack and adhesive strength and elonga-
tion).

[0043]
are well known and may be derived from natural matenals

Tackitying resins that can be used 1n this mnvention

such as Tall O1l Rosin Esters or they may be synthetic resins

such as the hydrocarbon resins derived from hydrocarbon
streams obtained i1n the cracking of petroleum products.
These synthetic resins may be aliphatic, aromatic or ali-
phatic/aromatic and, 1n the case of synthetic resins, are
typically derived from C5 streams, C9 streams or mixtures
thereol from refinery/chemical plant steam crackers.

[0044]

are rosin esters derived from rosin which may be converted

Examples of suitable resins for use in this invention

to rosin ester. Three types of rosin are used for resin
manufacture, gum rosin, wood rosin and tall o1l rosin, and
they are all generated from the pine tree.

[0045]

o1l, a by-product of the kraft sulphate pulping process used

Tall o1l rosin 1s obtained by distillation of crude tall

in paper making. Crude tall o1l typically contains 70-90%
acidic material, which 1s composed essentially of fatty acid
and tall o1l rosin. Tall o1l rosin (TOR) has a tendency to

crystallize and usually contains 200-600 ppm sulfur. Highly

distilled TOR can produce esters which have been found to
be useful 1n this mvention.

[0046]
different molecules.

Rosin resins are typically a blend of the following,

Abietic Type

10047]
Abietic Neoabietic Palustric
CH;
CH; COOH CH; COOH CHs
Pimaric [sopimaric
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[0048]
unsaturation and stability can be improved by various meth-

Rosin molecules can have poor stability caused by

ods such as disproportionation and hydrogenation.

[0049]
tionation leads to improved stability as shown below.

A

Rearrangement of the double bonds by dispropor-

Abietic acid

AN
? 1O
SN

<o

Dehydroabietic acid

@

N7

@ @

Dihydroabietic acid

@ indicates text missing or illegible when filed

[0050] Another method to improve stability 1s to hydro-
genate the rosin molecules as follows.

Levopimaric Dihydroabietic

CH;

COOH

Samdaracopimaric
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‘ Cat}allzyst -
><\/
@ @
Abietic acid
@
‘ Cat}allzyst -
®><®
Dihydroabietic acid
@
®><®

Tetrahydroabietic acid

® indicates text missmg or 1llegible when filed

[0051] The carboxylic acid can be converted to an ester
using various alcohols. The number of alcohol groups and
molecular weight of the alcohol determines the softening
point of the subsequent ester. Glycerol and pentaerythritol
are the most commonly used alcohols. Methanol and tri-
cthylene-glycol are used to produce lower softening point
esters.

[0052] The esterification reaction i1s an equilibrium reac-
tion, which 1s driven to near completion. However, there will
always be some unreacted acidic and hydroxyl groups. A
typical acid number for a pure rosin acid 1s around 170. A
glycerol ester typically has an acid value below 20. The type
ol alcohol chosen 1s key to the molecular weight of the rosin
ester and 1ts softening point. Multi-alcohol compounds may
be partially esterified, e.g. a mixture of mono-, di-, tri-,
tetra-, etc. esters. A typical soitening point for glycerol esters
1s 85° C., and 105° C. for pentaerythritol esters. The difler-
ence 1n softening point atfects theirr compatibility and hence
the softening point will be chosen according to the nature of
the polymer binder in the energetic matenal.

[0053] Rosinresins have a wide span of compatibility with
almost all polymers and they have been found to be par-
ticularly useful 1n the present invention.

[0054] Terpene resins are typically based on three natural
feedstreams and are formed by a cationic polymerization
reaction using a Lewis acid catalyst.

[0055] Terepenes such as alpha-pinene and beta-pinene
are dertved primarily from two processes: stump extraction
leading to the 1solation of steam distilled wood turpentine
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and the kraft sulfate pulping process leading to the 1solation
of sulfate turpentine. The individual terpene compounds are
isolated by distillation from these two streams.

[0056] d-Limonene 1s obtained from citrus sources and a
similar compound, dipentene, 1s obtained by distillation
from petroleum sources.

A
X

c-Pinene p-Pinene d-Limonene

[0057] There are other resins based on these terpene
feedstocks:
[0058]
resins
[0059] Terpene phenolics—polar resins with excellent
adhesion and broad compatibility with polar polymers.
[0060] Hydrogenated terpenes—improved colour by

hydrogenation

Styrenated terpenes—mixed aliphatic/aromatic

[0061] These resins are also useful 1 the present mven-
t1on.
[0062] Mixtures of these materials may be used 1n the

synthesis of the final tackifying resin, e.g. terpenes can be
added to hydrocarbon resins.

[0063] Hydrocarbon resins may also be used and there are
five major types of hydrocarbon resins:

C5 aliphatic resins

C5/C9 aliphatic/aromatic resins

C9 aromatic resins

DCPD cycloaliphatic resins (dicyclopentadiene precursor)
DCPD/C9 cycloaliphatic/aromatic resins

[0064] The feedstocks to produce C5 and C9 hydrocarbon
resins are usually fractions from a naphtha cracker or a
stecam cracker. The feed streams to produce hydrocarbon
resins can be divided into two groups: C35 piperylene feed-
stock and C9 resin oil.

[0065] C5 piperylene feedstock contains one or more of
the various monomers, illustrated below.

H CH, CH,==CH CH,
\ / \ /
(=( (=—=(C
/ \ / \
CH,=—CH H H H
TRANS-1,3-PENTADIENE  CIS-1,3-PENTADIENE
CH;
C=—CH—CHj ‘
/
CH,;

2-METHYL-2-BUTENE  DICYCLOPENTADIENE

SRS

CYCLOPENTADIENE  CYCLOPENTENE
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[0066] The liquid C35 feedstock can be polymerized to a
solid resin using a Lewis acid catalyst (e.g. AICI3 or BF3)
and carefully selecting temperature and pressure to obtain
the desired softening point and molecular weight.

[0067] C5 resins are, 1n essence, aliphatic materials. They
are available in a wide range of soltening points and
molecular weights.

[0068] C9 Aromatic Hydrocarbon Resins
[0069] (9 resin o1l contains various monomers as shown
below.
CH=—=CH
N 2 \
CH,
VINYLTOLUENES DICYCLOPENTADIENE
CH;
™.
CH=CH
O /O\/ |
INDENE a-METHYLSTYRENE
CH==CH,
O O \CH3
STYRENE METHYLINDENES
[0070] C9 resins are aromatic molecules. They are also

available 1 a wide variety of softening points and molecular
weights.

[0071] C5 and C9 resins can be modified by mixing the
two feed streams together 1n certain ratios. This ratio deter-
mines the aliphatic/aromatic balance of the resin, which 1s
essential to formulators.

[0072] The aliphatic C5 feed can be replaced with a
terpene feedstock and modified with styrene to form *sty-
renated terpenes” which have excellent colour and stability.

[0073] Dicyclopentadiene (DCPD) feedstock contains

various structures such as those shown below, but 1s primar-
1ly made up of dicyclopentadiene. The feed stock also
contains codimers with dienes such as 1soprene, butadiene
and methylcyclopentadiene. At elevated temperature (170-
190° C.), dicyclopentadiene will crack into cyclopentadiene.

UL O O

cyclopentene

dicyclopentadiene cyclopentadiene

[0074] The thermal polymerization 1s thought to mvolve
the Diels-Alder addition of cyclopentadiene to the nor-
bornene olefin followed by continued additions of this type
by additional cyclopentadiene to propagate the growing
chain as shown below.
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[0075] Cycloaddition of CPD to the norbornene ring of
DCPD;

\/
[0076] Cycloadditon of CPD to the growing chain
[0077] Further autocatalytic free-radical linking of these

structures can extend the molecular weights. Aromatics, e.g.
C9 stream, can be added to this material.

[0078] Dicyclopentadiene 1s polymerized either thermally
or with a catalyst to form relatively dark and unstable resins
with a characteristic odour. They are more commonly used
as a base resin for subsequent hydrogenation to form water
white resins with excellent stability and low odour. The
hydrocarbon resins described above can be hydrogenated to
produce another class of hydrocarbon resins. Hydrogenation
1s primarily used to improve colour and stability of the resin
by removing vulnerable double bonds.

[0079] Partial and selective hydrogenation are methods
used to produce resins with broad compatibility and good
stability.

[0080] The most common base resins used for hydroge-
nation are as follows:

[0081] C9 and C9/C5 resins
[0082] DCPD and modified DCPD resins
[0083] C9 resins contain double bonds and have predomi-

nantly aromatic ring structures with an overall aromaticity,
which are relatively unstable. Hydrogenation 1s a useful way
to stabilize these resins. Resins can be hydrogenated in
solution with very specific operating parameters: tempera-
ture, pressure, hydrogen concentration and catalyst level.
Changing any one of these operating parameters will bring
a change 1n the degree of hydrogenation of the final resin.
During hydrogenation, the aromatic ring structures gradu-
ally lose their aromatic nature and become cyclo-aliphatic.
[0084] When the hydrogenation process 1s allowed to go
to completion, the result 1s a fully hydrogenated hydrocar-
bon resin with full aliphatic character. The process can also
be adjusted so that the resins are partially hydrogenated and
still have some aromatic rings. The ability to be hydroge-
nated to varying degrees, resulting in various aliphatic/
aromatic balances, gives these resins their unique properties.
The resin can also control the burn rate of the energetic
material particular the hydrocarbon resins.

[0085] Any of these tackifying resins may be used 1n the
present invention. The choice of resin will depend upon the
nature of the energetic material and also the nature of the
polymer binder used in the formulation. Resins containing
polar groups are preferred.
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[0086] The energetic filler and the relative proportions of
the components of the energetic material will depend upon
the type of application for which the material 1s to be used.
[0087] The present mnvention may be used 1n for example
a plastic bonded explosive in which the binder forms
between 0.5 and 30% by weight and the energetic filler
forms between 99.5 and 70% by weight. We prefer that ratio
of polymeric binder matrix and tackilying resin in the
energetic material be from 99:1 to 10:90, preferably from
95:5 to 20:80, more preferably from 90:10 to 40:60.
[0088] Examples of suitable energetic binder materials are
nitrocellulose, polyvinyl nitrate, nitroethylene, nitroallyl
acetate, nitroethyl acrylate, nitroethyl methacrylate, trinitro-
cthyl acrylate, dinitropropyl acrylate, C-nitropolystyrene
and 1ts derivatives, polyurethanes with allphatic C- and
N-mitro groups, polyesters made from dinitrocarboxylic
acids and dinitrotrodiols and nitrated polybutadienes.
[0089] Extenders may be used as part of the binder for-
mulation to improve the processibility and tlexibility of the
product. For example, heavy grade liquid parathn (up to 3%
by weight of the binder formulation) may be employed in the
binder.

[0090] The mixture of polymer binder matrix and tacki-
tying resin 1s used at a ratio of 1:99 to 90:10 1n relation to
the total of the other components in the formulation. Pret-
erably from 35:95 to 40:60 more preferably from 10:90 to
30:70.

[0091] Examples of active components (sometimes known
as energetic fillers) to which this imvention applies include
organic secondary explosives. Alicyclic nitranes such as
RDX  (1,3,5-cyclotrimethylene-2.,4,6,-trinitramine) and
HMX (1,3,5,7-cyclotetramethylene-2,4,6,8-tetrar,1tramine)
and TATND (tetranitro-tetraminodecalin) and mixtures
thereol. The following active components may also be used
as the main or as a subsidiary energetic component 1n plastic
bonded explosives—mnitroguanidine, aromatic nitramines
such as tetryl, ethylene dimitramine, nitrate esters such as
nitroglycerine, butanetriol trinitrate and PETN (pentaeryth-
ritol tetranitrate). Other nitroaromatic compounds such as
trinitrotoluene (TNT) triaminobenzene (TATB) triamino-
trinitro benzene (TATNB) and hexanitrostilbene may also be
used.

[0092] Alternatively active components such as morganic
fillers such as ammonium nitrate and alkaline earth metal
salts provide suitable high explosive materials. Metallic
fuels such as powdered aluminium, magnesium or Zirco-
nium may be used to fuel the exothermic reaction of the
oxidation of the energetic material. The metallic fuel may
comprise up to 50% by weight of the energetic filler.

[0093] The energetic materials may alternatively comprise
a gun propellant. In such a material the content of the active
component 1s generally 1n the range 70 to 90% by weight of
the binder/filler mixture and may be selected for example
from mnitroglycerine, RDX and HMX or a combination
thereot, optionally with other highly active components such
as those listed above. The binder of such a material may
comprise 1n addition to the blend specified above a cellulosic
maternal eg. nitrocellulose eg. forming from 5 to 95%, eg. 30

to 70% by weight of the binder.

[0094] The energetic material may alternatively comprise
a gas generator material as the active component for
example, for power cartridges for actuators: for base burmn-
ing, reduced base drag, extended range projectiles: and for
control gas jets for missile and projectile guidance systems
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and the like. Such material 1s similar 1n nature to a propel-
lant, but 1 general contains a lower content of active
component, eg. 45% to 65% by weight optionally together
with a surface burning rate mhibitor, eg. ethyl cellulose.
[0095] As an example of a swtable rocket propellant
embodying the invention the propellant composition may
include as active component ammonium perchlorate (20 to
90% by weight) together with aluminium as fuel (5 to 50%
by weight of 1ts mixture with the active component), the
binder forming for example 5 to 30% by weight of the
composition together with the tackilying resin.

[0096] The energetic material may also comprise a poly-
mer bonded pyrotechnic material, eg. containing an 1nor-
ganic nitrate or perchlorate of ammonium, bartum or stron-
tium (forming 20 to 80% by weight of the energetic filler),
a metallic fuel such as magnesium or zirconium (forming 5
to 60% by weight of the filler), the binder comprising 5 to
30% by weight of the overall composition.

[0097] Although the use of non-viscous plasticisers may
be avoided by use of the polymer bonded energetic materials
because the polymers can have a plasticising etfect upon the
polymer, non-viscous plasticisers may optionally be incor-
porated 1n low concentrations 1n the compositions according
to the present mvention. Additionally the use of the tacki-
ftying resin may avoid the need for plasticisers in the
formulation.

[0098] Where plasticisers are used, common plasticisers
which are dialkyl esters of phthalic, adipic and sebacic acids
may be used as the optional plasticiser, eg. the plasticiser
may comprise dibutyl phthalate, disobutyl phthalate, dim-
cthyl glycol phthalate, dioctyl adipate or dioctyl sebacate
preferably less than 10% by weight of the binder binder
processibility.

[0099] In addition, or alternatively, energetic plasticisers
such as BDNPAIF (bis-2-dinitropropylacetral/formal), bis-
(2-fluoro-2,2-dimitroethyl) formal, diethylene glycol dini-
trate, glycerol trinitrate, glycol trinitrate, tricthylene glycerol
dinitrate, trimethylolethane trinitrate butanetriol trinitrate, or
1,2,4-butanetriol trinitrate, may be employed 1n concentra-
tion less than 10% by weight of binder in the materials
according to the present invention.

[0100] Examples of suitable additional inert or non-ener-
getic binder materials are cellulosic materials such as the
esters, eg. cellulose acetate, cellulose acetate butyrate, and
synthetic polymers such as polyurethanes, polyesters, polyb-
utadienes, polyethylenes, polyvinyl acetate and blends and/
or copolymers thereof.

[0101] Various other minor additives may be added to the
formulations of the present invention. Examples of material
that may be used include surfactants and antifoam. Prefer-
ably, the additives content comprises no more than 10% by
weight, desirably less than 3% by weight, of the overall
energetic material composition.

[0102] For example in propellant and gas generator com-
positions the additive may for example comprise one or
more stabilisers, eg. carbamite or PNTYIA (para-nitrometh-
ylaniline); and/or one or more ballistic modifiers, eg. carbon
black or lead salts; and/or one or more tlash suppressants, eg.
one or more sodium or potassium salts, eg. sodium or
potassium sulphate or bicarbonate. Other modifiers particu-
larly for ballistics include iron oxide, catacene or butadiene.

[0103] Antioxidant in an extent of up to 1% by weight of
the overall composition of the energetic materials may
usefully be incorporate 1n the materials. Phenolic antioxi-
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dents such as 2,2'-methylene-bis (4-methyl-6-butyl) phenol
has been found to be very suitable.

[0104] Coupling agents known per se, eg. 1n concentra-
tions of up to 2% by weight of the overall composition
welght, may be employed to improve adhesion between the
binder and the active energetic components.

[0105] Preferably, where the energetic material according
to the present invention 1s a plastic bonded explosive 1t

contains the following components (1in percentage parts by
weight): RDX: 80-99.5%, preferably about 88%; binder:

20-0.5%, preferably about 12%; 0 to 1% antioxidant, the
overall percentages (excluding further optional additives)
adding to 100 1n each case.

[0106] The formulations of the present invention may be
processed mto manufactured products by processes which
are generally known per se. For example, for the manufac-
ture of plastic bonded explosives the binder ingredients
including the tackitying resin may be mixed together 1n a
blender at temperatures of 80° C. to 140° C. and then added
to the active component by a solventless process or a solvent
lacquer process. Although, 1n some cases, 1t may be possible
to blend the total formulation all together or in different
orders depending on the mixing method used, making a
pre-blend of the polymer binder and tackifying resin 1s the
preferred method as polymer binder-tackifying resin com-
patibility/miscibility 1s important. The polymer-tackifying
resin mixture should ideally be completely compatible/
miscible and produce a clear mixture/solution. Although
some 1ncompatibility/immiscibility i1s acceptable providing
the mixture 1s homogeneous throughout the volume. Where
the formulation also contains a cross-linking agent for the
polymer binder 1t 1s preferred that 1t be added after the
polymer has been blended with the tackitying resin. All
materials may be mixed simultaneously although this 1s not
preferred. The pre-blend may be prepared in one location
and provided to another location for the introduction of the
active material and optionally the cross linking agent for the
polymer.

[0107] In a solvent lacquer process, the binder tackitying
resin mixture may be dissolved in an organic solvent at a
moderately elevated temperature, eg. 40° C. to 80° C. and
the active component 1s subsequently stirred into the solvent
lacquer after cooling to about 20° C. to give a slurry. The
slurry 1s then mixed under vacuum at an elevated tempera-
ture, eg. 50° C. to 90° C., preferably 75° C. t0 90° C. In a
solventless process for example, for the production of plastic
bonded nitramines the required quantity of pre-dried active
component 1s wetted with water or an aqueous solution and
heated to an elevated temperature, eg. 80° C.-100° C. The
binder tackifying resin mixture 1s then added to the active
component and the components are mixed together at that
temperature. Any water remaining in the composition 1s
removed under vacuum.

[0108] Materials produced 1n the ways described above or
in other known ways may, depending on the material com-
position and 1ts intended use, be shaped into products in
known ways. For example, the material may be pressed,
moulded or cast into a desired shape eg. for use as blocks,
sheet explosive or for filling of shells, warheads and the like.
Alternatively, the material may be extruded mm a known
manner in a corotating twin screw extruder, and subse-
quently cooled. The latter technique 1s especially suitable for
the manufacture of gun propellant matenials, eg. stick or
tubular propellants of known cross-sectional shape.
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[0109] In summary, the energetic materials of the present
invention may, depending upon their specific composition
and properties, be used 1n any one or more of the following
well known applications: (1) General demolition; (11) Explo-
sive welding; (111) Active armour; (1v) Detonating cord; (v)
Linear cutting charges; (v1) Shell fillings; (vi1) Mine fillings;
(vinn) Grenade fillings; (1x) Shaped-charge warhead fillings;
(x) rocket propellants and gas generator propellants.
[0110] The energetic material needs to be a stable system
which can be handled, stored and transported. The condi-
tions under which 1t should be stable will vary from one
energetic material to another and according to the use to
which the energetic material 1s to be put.

[0111] However generally energetic materials need to be
prepared, handled, stored and transported at temperature in
the range from -50° C. to 71° C. or lugher. We have found
that the inclusion of the tackilying resin in the formulation
increases the strength of the formulation as shown by
stress/strain testing. The presence of the tackifying resin also
increases the elasticity. The formulations are therefore more
robust.

[0112] Prior to this invention the energetic materials have
comprised the active material or materials dispersed within
a polymer binder, such as the blend of polyethylene and
polyisobutylene of GB 2365240 or other binders as

described 1n https://application.wiley-vch.de/books/sample/
3527331557 _c01.pdf

[0113] We have found that the inclusion of a tackifying
resin 1n these formulations improves the adhesion and
dispersion of the active material within the polymer binder.
This results 1n a more homogeneous distribution of the
active material within the polymer binder. This improved
dispersion of the active ingredient reduces the energy
required for the mixing of the formulation, increases the
stability of the matenial (better mechanical properties, e.g.
strength, elongation, etc. prevents damage and debonding on
transport and in operation), and help increase density of the
formulation.

[0114] The invention 1s 1illustrated by reference to the
following Examples

Example 1

[0115] A polymer binder comprising hydroxyl-terminated
polybutadiene (Trade name: Poly bd R-45HTLO) and a
tackitying resin: Tall O1l Rosin Ester (TORE) ('Trade name:
Dercol PE 100) were blended together by stirrng the
mixture at 100° C. for 30 minutes. The matenals are
compatible and formed a clear and bright liquid which was
stable for at least 7 months

[0116] The formulations set out in Table 1 were then
prepared.
TABLE 1

Formulation
Active Material: Component: 1 2
Polymer Binder* R45HTLO 3.754 3.754
Plasticizer Dioctyl adipate 1.131 1.131
Fuel Aluminium powder 1.000 1.000
Fuel Zinc Powder 0.500 0.500
Burning rate Fe,0; 0.135 0.135

modifier
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TABLE 1-continued

Formulation
Active Material: Component: 1 2
Oxidiser Double-ground 6.011 6.012
ammonium perchlorate
Oxidiser 90 um ammonium 12.020 12.022
perchlorate
Curing agent™* ISONATE 143L modified 0.521 0.386
MDI

*Formulation 1 contains only R4SHTLO and Formulation 2 contains a 90/10 (w/w) ratio

of the previously prepared R4ASHTLO/TORE mixture.
**The amount of curing agent ISONATE 1431 was reduced 1in Formulation 2 so that both
formulations contained the same amount relative to the amount of R45HTLO.

[0117] The curing agent 1s provided to crosslink the Poly-
mer Binder which 1s (qualitatively) a low viscosity polymer
at room temperature which mixes with all the components.
The polymer 1s then crosslinked so that the energetic mate-
rial 1s set to form a fixed stable system which can be handled

and stored at temperatures between —50° C. and over 100°
C.

Example 2

[0118] Two more formulations were made which also
contained a silicone-based anti-foaming agent (at 0.0035
based on normalized aluminium concentration of 1.0) and
triecthanolamine (0.0106 based on normalized aluminium
concentration of 1.0). Formulation 3 was based on the
conventional formulation based on Formulation 1. Formu-
lation 4 was based on the tackifying resin.

[0119] These formulations were mixed together and cured
using two types ol mixing apparatus.

[0120] Resodyn Resonant Acoustic Mixer (RAM) which
1s relatively new low frequency, high-intensity mixing
equipment. Acoustic energy 1s used to create a unmiform shear
field throughout the entire mixing vessel. The result 1s rapid
fluidization and dispersion of material.

[0121] The Curative was added at start and the mixing
conditions were as follows.

30 g, no vacuum, 2 minutes

0 g, vacuum (-45 kPa), 5 minutes

30 g, vacuum, 5 minutes

[0122] Secondly another batch was mixed 1n a conven-
tional impeller mixing using a Baker-Perkins dual planetary
vertical mixer.

[0123] The mixing conditions were:

Mixing blades rotating at 11 rpm

10 min mixing, no vacuum

45 min mixing, vacuum (-45 kPa)

The curative, was added after the 10 min mixing under
vacuum.

[0124] The mixture containing the tackifying resin (as per
Formulation 2) produced a more consistent mixture (very
even slurry) which was easier to work with than Formulation
1. Formulation 2 cured (cross-linked via urethane linkages)
taster overall and more consistently. This may be explained
by understanding that the tackilying resin decreases the
entanglement density of the polymer allowing greater dii-
fusion (and lowering the plateau modulus) and more eth-
cient urethane reactions.

[0125] Macroscopic and microscopic examination of the

finished matenals (a highly filled, stifl rubber) showed that
the mixture containing the tackitying resin (Formulation 2)
was more consistent throughout the structure. The conven-
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tional sample (Formulation 1) was less homogenous 1n both
RAM and conventional mixers than the formulation which
1s the subject of this invention (Formulation 2). FIGS. 1 and
2 show the RAM and conventionally mixed samples of
Formulation 1. FIGS. 3 and 4 show the samples with
tackitying resin (Formulation 2) using the same mixing
techniques.

[0126] Formulations 3 and 4 show the same trends, 1.e. the
improvement 1in mixing, particle dispersion and adhesion of
the binder to the other particles. After Formulations 3 and 4
were cast 1 polyethylene containers and fully cured they
were examined by photomicroscopy. The top and bottom
surfaces were examined. The sample was then sectioned and
the cut surfaces examined. FIG. 5 shows Formulation 3 (no
tackitying resin) and FIG. 6 shows Formulation 4 (with
tackilying resin).

[0127] In all cases 1t was clear that the sample containing
the tackifying resin improved dispersion of the active com-
ponents and the adhesion of the polymer binder to the solid
particulate matter (active components) in the formulation,
especially the ammonium perchlorate.

[0128] Formulations 1 and 2 were moulded 1nto tensile
testing bars prior to complete crosslinking.

[0129] TTensile testing was performed on the convention-
ally mixed samples. The measurements were performed on
a Shimadzu Tensile Tester with a SOON load cell.

[0130] The conventional sample (Formulation 1) did not
extend the tensile bar at all. Failure occurred through crack-
ing and minor fibrillation. The sample of this ivention
(Formulation 2) extended and showed an increased tensile
strength.

[0131] Table 2 shows the tensile stress and strain mea-
surements (average from 3 tensile bars) together with the
standard deviations for Formulation 1 and Formulation 2.
The percent improvement of Formulation 2 over Formula-
tion 1 1s also given (Table 2). The formulation containing the
tackifying resin according to this invention i1s stronger
(maximum stress), more elastic (4.26 v 5.13 N/mm2) and
more extensible (maximum strain). The standard deviations
show that 1t 1s also much more consistent.

TABLE 2
Max Stress Max Strain

(N/mm? SD (mm) SD
Formulation 1 0.109 0.023 3.0 0.5
Formulation 2 0.250 0.005 7.7 0.3
% Improvement 129 157
[0132] These results are plotted in FIGS. 7 and 8.
[0133] Rocket Firning Test used to fire a rocket:
[0134] Formulations 3 and 4 were fired and FIGS. 9, 10

and 11 show the result with the conventional propellant
formulation (Formulation 3) 1n FIG. 9 and FIGS. 10 and 11

show the results with the propellant formulations of this
invention.

Example 3

[0135] Mechanical Properties of the Polymer Binder with
and without the Low Molecular Weight Resin. Tensile
Measurements.

[0136] The advantages of adding the low molecular
welght resin, 1s also apparent when the mechanical proper-
ties of the cross-linked polymer binder 1s examined alone.
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[0137] The polybutadiene (R45 HTLO pre-cured polymer
binder as used 1n Formulations 1 and 2) was used alone and
also blended with 5% (w/w) Tall O11 Rosin Ester (TORE)
(Trade name: Dercol PE 100). The two polymer samples
were placed 1nto a tensile bar mould with a Reduced Section
of 4 mmx4 mm. The cross-linking agent was 1sophorone
diisocyanate. The polymer was cross-linked to a theoretical
value of 85%.

[0138] The results are shown 1n Table 3 and 1n each case
the tackilying resin improves the stress and strain perfor-
mance of the cross-linked polymer.

TABLE 3

RE RE
Elongation Improve- Stress at Improve-

at Break ment Break ment

Binder Pull Rate €p €5 Op Op

Composition (mm/min) (%) (%0) (Mpa) (%0)

HTLO 10 147 1.35

HTLO + RE 10 200 36.1 1.37 1.5

HTLO 100 261 0.202

HTLO + RE 100 340 30.3 0.259 28.2
Example 4

Rocket Motor Firing of Propellant Containing Tackifying
Resin.

[0139] The firing of two rocket motors containing one
with an 8.2 mm diameter nozzle throat (K-Round 004) and
the other with a 9.5 mm diameter nozzle throat (K-Round
0035) using the energetic formulation set out below were

performed 1n K-Round motors.
[0140] The formulation

Binder: R45 HTLO with 10% RE: 15%

Plasticiser: DOA: 4.5%
Fuel: Aluminium Powder: 4.0%

Fuel: Zinc Powder: 2.0%

[0141] Burning rate modifier: Iron Oxide: 0.54%

The K-Round 1s a double cone and cylinder charge designed
to give a neutral burning surface area. It has a simple sonic
nozzle

Oxadiser: AP: 72.86%

[0142] Cuning agent: IPDI: 1.1% (Cured to 0.85 placed 1n
oven at 60° C. for 8 days)
[0143] The results are shown 1n FIGS. 9 (8.2 mm diameter

throat) and 10 (9.5 mm diameter throat). FIGS. 12 and 13

show that the charges burn in a stable manner and are thus
suitable for rocket motors.

[0144] The actual firing of the 8.2 mm diameter throat 1s
shown 1n FIG. 14.

1. An energetic material formulation containing a tacki-
tying resin and a polymeric binder matrix wherein the
tackitying resin 1s compatible with the polymeric binder
matrix.

2. The energetic matenial according to claim 1, further
comprising an active component.
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3. The energetic material according to claim 1, wherein
the tackilying resin 1s a rosin ester.

4. The energetic matenal according to claim 1, wherein
the tackilying resin 1s a terpenic resin.

5. The energetic material according to claim 1, wherein
the tackitying resin 1s a C5 hydrocarbon resin, a C9 hydro-
carbon resin, a C5/C9 resin, or a combination thereof.

6. The energetic material according to claim 1, wherein
the tackifying resin 1s a DCPD-based resin, a DCPD-based/
C9 hydrocarbon resin, or both.

7. (canceled)

8. The energetic material according to claim 2, wherein
the polymer binder matrix 1s hydroxy terminated polybuta-
diene.

9. (canceled)

10. The energetic material according to claim 2, wherein

a ratio of polymeric binder matrix to the tackitying resin 1is
from 99:1 to 10:90.

11. The energetic material according to claim 10 1n which
the ratio of the polymeric binder matrix and the tackifying

resin 1s from 95:5 to 20:80.

12. The energetic material according to claim 2, wherein
an amount of the mixture of polymer binder matrix and the
tackilying resin comprises from 1:99 to 90:10 in relation to
the total amount of other components 1 the energetic
material formulation.

13. The energetic material according to claim 11, wherein
the amount of the polymer binder matrix and the tackifying
resin 1s from 35:95 to 40:60 of a total amount of other

components 1n the energetic material formulation.

14. The energetic material according to claim 2, wherein
the active component comprises ammonium perchlorate.

15. The energetic material according to claim 1, wherein
the energetic material contains a metal fuel.

16. The energetic material according to claim 1, wherein
the energetic material contains a propellant.

17. The energetic material according to claim 1, wherein
the energetic material contains pyrotechnic.

18. The energetic material according to claim 1, wherein
the energetic material contains a rocket propellant.

19. The energetic material according to claim 1, wherein
the energetic material contains an explosive.

20. An energetic material formulation comprising:

1. one or more active components,

11. a polymeric binder matrix, and

111. a tackitying resin;

wherein the tackifying resin 1s compatible with the poly-
meric binder matrix.

21. The energetic material formulation of claim 20,
wherein tackifying resin improves dispersion of the one or
more active components within the polymer matrix of the
energetic material.

22. The energetic material of claim 21, wherein the
tackilying resin 1s a rosin ester.

23-36. (canceled)
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